Honeybee defensive behaviour is an important trait for selection of honeybees for breeding programs. We evaluated the variation in honeybee defensive behaviour with environmental factors and hive conditions. Factors such as the difference in the agro-ecological zones, colony strength, mean elevation, type of bee hive used, and the vegetation cover were considered. The number of honeybees attacking the researchers' protective gear within one minute of disturbance was recorded per colony and analyzed. Apis m. adansonii was found to be the most defensive. Variations in the agro-ecological zones, colony strength, and mean elevation were found to significantly influence the defensive behaviour of the honeybees. Honeybee colonies in the Mid North AEZ were the most defensive. The type of bee hive and vegetation cover did not have any influence on the defensive behaviour. From this study, we suggest that selection of honeybees that are less defensive for breeding programs should consider A. m. scutellata and honeybee colonies from West Nile and Southern Highland AEZs at higher elevations.
Introduction
In Africa, there are several races, subspecies, or ecotypes of honeybees (Apis mellifera L.) [1] . There is a high degree of inbreeding or hybridization among all the subspecies of A. mellifera [2, 3] resulting in different behavioural patterns and variation in response to attack or threat [4] . The most important behaviour of a honeybee colony is reproduction and colony defense [5, 6] . Although the defensive behaviour of honeybees is advantageous for their evolutionary and ecological success, it is disadvantageous to human beings [7] who have always robbed the bees of their honey and other products. The defensive behaviour makes colony management difficult [8] and yet defending the honeybee colony and its resources is crucial in maintaining the colony integrity [9] .
Honeybee colony defense is a social behaviour in which individual honeybees exhibit complicated pattern of actions and a variety of traits such as defensiveness (aggressiveness), gentleness, or docility [6, 9, 10] . It involves individual worker bee behaviour and a coordinated colony response with a group effect [8] . The defensive behavioural traits are particularly important in guarding, recruiting, alerting, attracting, biting, stinging, and pursuing enemies [4, 11] . Such kind of behaviour is not yet well documented for the honeybees in the agro-ecological zones of Uganda.
Honeybee defensive behaviour is not only affected by environmental conditions but also by genetic constitution [12] . The defensive behaviour of African honeybees is related to environmental conditions and provocative situations [13, 14] . The defensive strategy employed by honeybees depend on the type of the potential attacker [15] and is induced and moderated by alarm pheromones [16] which are produced in the mandibular gland and sting apparatus of worker bees. Corner [17] reported that the defensive behaviour of Apis mellifera varies widely with geographical region and elevation throughout East Africa citing honeybees in western Psyche Uganda as being less defensive than those in the other parts of the country. Honeybee alarm pheromone is made of a compound called isoamyl acetate (IAA) which is a bananalike odour substance [18] . This substance is produced in the sting apparatus of worker bees. IAA elicits more stinging activity than any of the other defensive compounds acting as a target-marking pheromone and guiding other defenders to the sting site [16] . Together with visual cues such as rapid vibrations, quick movement around the colony, and olfactory cues, alarm pheromones elicit stinging by the honeybees [19] .
In order to realize a profit from beekeeping, a beekeeper needs honeybee colonies which have a good temperament in terms of defensiveness. An understanding of the defensive behaviour of the honeybees in the agro-ecological zones of Uganda is very important in the development of the apiculture industry since many people are deterred from beekeeping by this behaviour of honeybees. The honeybee defensive behaviour can be an important trait for selecting honeybees for breeding [8] . This study therefore compared the defensive behaviour of two honeybee races (A. mellifera adansonii and A. m. scutellata) in the agro-ecological zones of Uganda. We tested the hypothesis that there is no difference in the defensive behaviour of the honeybees across the agroecological zones of Uganda.
Materials and Methods
. . Study Area. This study was carried out in nine agroecological zones (AEZs) of Uganda. The AEZs classification was based on the distinct vegetation type, elevation, climatic conditions, soils, and other physical factors, which are used to predict the potential productivity for various crops according to their specific environmental and management needs [20] as follows: Eastern, Lake Albert Crescent, Lake Victoria Crescent, Mid Northern, South East, Southern Dry lands, Southern Highlands, West Nile, and Western Highlands ( Figure 1 ). The Karamoja Drylands was not sampled in this study given the nature of the beekeeping in the area (bee hives are placed high in the trees making observations difficult and dangerous). At least four apiaries were sampled per agroecological zone and a total of thirty-nine apiaries all together.
. . Sampling Techniques. Five honeybee colonies were assessed per apiary. In each apiary, the colonies were selected in such a way that the next colony to be observed was not influenced by the 1 st colony (test colonies were separated by either 2 or 3 other colonies). Distance between the test colonies was not measured for two reasons: (i) to reduce the time spent in the apiary and (ii) to limit disturbance before sampling. During the colony observations, the defensive behaviour of the colonies was recorded by observing the number of honeybees attacking/stinging the researcher's gloves and overall within one (01) minute of disturbance (hitting the hive lid with a hive tool three times and removing the top cover for KTB and Langstroth and opening one side of the hive in case of local or Johnson hives) [21, 22] . Fresh gloves were worn before moving to the next colony and the overalls properly smoked to remove the smell of the alarm pheromone from them. Both the gloves and the overalls were washed before use in the next apiary. The defensive behaviour was scored as 1 = >10 bee stings (very defensive), 2 = 6 -9 bee stings (moderate), and 3 = 0 -5 bee stings (gentle) [10, 23] . The vegetation cover around each apiary was observed and recorded as 1 = thick; 2 = moderate; 3 = sparse. This was considered by looking at the herbs, shrubs, and trees around the apiary including both natural and plantations.
Four types of bee hives used by the beekeepers were compared (Langstroth, KTB, Local and Johnson). Colony strength was estimated by observing the number and proportion of combs covered by the adult bees, number and proportion of the combs covered by brood, and the amount of pollen and nectar collected. Averages of these observations were taken as 1 = strong colony, 2 = moderately strong colony, and 3 = weak colony. A GPS receiver was used to record the geographical coordinates and altitude of the sampling sites. Elevation gradients were categorized as Foot hill (500-1000m), Montane (1001-1500m), and Sub Alpine (1501-2000m) [24] . The honeybee races were determined through molecular techniques in another study [25] .
. . Statistical Analysis. All statistical analyses were carried out using SPSS version 16.0. Mann-Whitney U tests were used to compare the defensive behaviours of A. m. adansonii and A. m. scutellata. Generalized Linear Models (GLM) were used to evaluate factors associated with defensive behaviour of the honeybees and for significant results, Univariate Analysis of Variance Model (UAVM) was used to test for between-subject effects of significance from GLM. Kruskal-Wallis Test was used to compare the defensive behaviour of the honeybee colonies in the AEZs. The same test was used to compare the defensive behaviour of the colonies with the colony strength and elevation gradient. In cases where significant differences were obtained, Mann-Whitney tests were conducted to compare pairs of categories. The mean defensive behaviours were used to compare the defensive behaviour of the honeybees in the AEZs, and with colony strength and elevation gradient. 
Results
. . Defensive Behaviour of A. m. adansonii and A. m. scutellata. There was a significant difference in the defensive behaviour between the two honeybee races (U = 3.107, Z = -2.207, N = 175, P = 0.03; Mann-Whitney U test) with A. m. adansonii being more defensive.
. . Factors Associated with Defensive Behaviour of the Honeybees. Colony strength, AEZs, and elevation had highly significant effects on the defensive behaviour of the honeybees (P <0.01) ( Table 1) . On the other hand, vegetation and bee hive type did not significantly influence the defensive behaviour (P >0.05).
The UAVM accuracy was significant (P<0.001) and it was able to account for over 90.4% of the variations (R 2 = 0.920; adjuster R 2 = 0.904). AEZs, colony strength, and elevation were all highly significant at P< 0.001. The interaction between all the three factors was significant (df = 2; f = 1.431; P = 0.016).
The defensive behaviour of the honeybees varied across the AEZs. Mid North AEZ had the most defensive honeybee colonies, while West Nile AEZ had the least defensive ( Figure 2 ). Pairwise comparison of the defensive behaviour in the AEZs showed that Mid North AEZ was significantly different from the rest of the AEZs except Lake Albert Crescent AEZ. The rest of the AEZs were only significantly different from one to three of the other of the AEZs (Figure 2 ).
There was a significant positive correlation between honeybee defensive behaviour and colony strength implying that the stronger the colony, the more defensive the honeybees (Figure 3 ). For elevation, the most defensive honeybees were found at the foothill (500-1000 meters above sea level), while 
Discussions
Apis mellifera scutellata is less defensive compared to A. m. adansonii in the agro-ecological zones of Uganda as confirmed by the significant difference in the defensive behaviour between A. m scutellata and A. m. adansonii. This result is in agreement with that of Alemu et al. [14] who studied the defensive behaviour of A. m. scutellata in Ethiopia and found out that these bees are not very defensive. Mistroa et al. [26] described A. m. adansonii as the African honeybee which has an inconvenient aggressive behaviour which is only compensated by its large honey output when in tropical climate, while Hussein [27] described A. m. adansonii as small, very productive, and aggressive honeybees in Guinea-Bissau and the most defensive among wild colonies in Senegal. Honeybee colony defense is the behaviour individual bees exhibit in guarding against intruders and is correlated to response in alarm pheromone [19] . African honeybees are known for their defensive tendencies compared to European bees [9, 28] Psyche and are more productive. Among the African races of honeybees, A. m. scutellata is highly known for its defensiveness and has been highly studied [4, 9, 19, 29, 30] . Woyke [31] and Segeren [32] described both A. m. scutellata and A. m. adansonii as having pronounced defensive behaviour. Some studies on honeybee defensive behaviour have described A. m. scutellata as the most defensive honeybee [9, 33, 34] . However, most of these researches were in comparison to the European honeybees which are generally known to be gentle.
Several factors are known to influence honeybee defensive behaviour [14] . In this study, AEZs, colony strength, and elevation had significant effects on the defensive behaviour of the honeybees. On the other hand, type of bee hive and vegetation cover did not show any significant effects on the defensive behaviour of the bees. Geographical differences are known to influence honeybee defensive behaviour [17] . From the analyses in this study, it was found that there were significant differences in the defensive behaviour of the honeybees in the different AEZs. Specifically, the honeybees in the Mid North and Lake Albert Crescent agro-ecological zones were the most defensive, while those in the West Nile AEZ were the least defensive. Different AEZs have different local climatic conditions to which the honeybees are adapted [23, 35, 36] . Variations in these climatic and environmental factors could explain the differences in the defensive behaviour across the AEZs of Uganda. For instance, temperature influences bee activity and diffusion of semiochemicals, thus directly affecting the defensive behaviour of the bees.
Honeybee colony strength is associated with large number of brood and other resources and productivity depends on traits such as defensiveness [37] . Wray et al. [38] in a study on collective personalities of honeybee colonies attributed the difference in the defensive behaviour of honeybees to differences in population size, environment, or available resources. Resources in a honeybee colony include bee brood, pollen, and honey all of which need to be defended. The higher the amount of resources (colony strength) the higher the defensive behaviour of the honeybees as was observed in this study. Paleolog [39] noted that colony strength affects the stinging behaviour of honeybees. Adedeji et al. [40] associated the high defensive characteristics of the honeybees in the Rivers State, Nigeria, with large and strong colonies. Strong colonies always have good reserves of honey and pollen which is often detected by bees from other colonies that tend to remove (rob) them [32] which stimulate the defensive instincts in the strong colony. Nakamura et al. [41] observed that a honeybee colony with a large number of brood is very active and defensive and therefore not easy to harvest honey from it. This is in agreement with the results of this study which showed that the stronger the honeybee colony the higher its defensive behaviour as observed in the Mid North AEZ.
Effects of elevation on honeybee defensive behaviour have been studied [42, 43] . Our study found out that the honeybees were more defensive at the foothill (low elevation) compared to the sub Alpine and montane (medium and higher elevations, respectively). This is in agreement with the study by Omer [44] who found out that honeybees are more defensive at lower elevations which are hotter compared to the higher elevations. This brings in the issue of temperature as one of the factors that influences honeybee defensive behaviour. Corner [17] described the defensive behaviour of tropical bees as varying widely with geographical region and elevation citing the honeybees of Uganda at higher elevations of western 'Province' as being less 'aggressive' than honeybees from other parts of the country. This observation is in agreement with our results which show that the Mid North and Lake Albert Crescent AEZs with the lowest mean elevations, respectively, had the most defensive honeybees, while Southern Highland AEZ with the highest mean elevation had less defensive bees. However, West Nile AEZ which is in the low elevation region also had less defensive honeybees. In the West Nile AEZ, modern beekeeping practices are adopted including apiary management and colony inspection in which the bees get frequent encounters with human beings and get adapted to such disturbances, thus accounting for the less defensive behaviour of the honeybees in this AEZ compared to other EAZs at similar elevations.
No single pair of the three factors (AEZs, colony strength, and mean elevation) appeared to influence the defensive behaviour of the honeybees although individually they did. However, a combination of all the three factors had significant influence on the defensive behaviour of the honeybees. Interaction of several environmental factors has been found to influence the defensive behaviour of honeybees [45] which is an important trait in reducing attack and predation [46] . The defensive behaviour of African honeybees is associated with environmental conditions and the provocative factors within the locality [43] . This accounts for the variation of the defensive behaviour of the same honeybee race in different environmental conditions and locations.
Conclusion
Apis m. adansonii is more defensive compared with A. m. scutellata in Uganda. Mid North and Lake Albert Crescent agro-ecological zones have the most defensive honeybees, while the calmest honeybees were found in the West Nile agro-ecological zone. The type of bee hive used in beekeeping and the variation in vegetation cover do not affect the defensive behaviour of the honeybees.
Selection of honeybees that are less defensive for breeding programs could consider A. m scutellata. Also, honeybee colonies from West Nile and Southern Highland AEZs may be considered when sourcing colonies with less defensive traits. Furthermore, to have honeybee colonies with less defensive behaviour, one may consider carrying out beekeeping at higher elevations. Beekeepers should not destroy defensive colonies as they normally do in preference for less defensive colonies since defensive colonies are associated with colony strength and thus high productivity.
More research should be conducted on the effects of other factors such as temperature, apiary management, and pest and disease infestation on the defensive behaviour of the honeybees in Uganda.
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